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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-285

WIND-TUNNEL INVESTIGATION AT IOW SUBSONIC SPEEDS OF THE
STATIC AND OSCILLATORY STABILITY CHARACTERISTICS OF
MODELS OF SEVERAL SPACE CAPSULE CONFIGURATIONS®

By Joseph L. Johnson, Jr.
SUMMARY

A wind-tunnel investigation at low subsonic speeds has been con-
ducted in the langley free-flight and full-scale tunnels to measure the
static and oscillatory stability characteristics of models of several
space capsule configurations. Included in the investigation were power-on
tests to determine the effect of rocket-engine exhaust on the static
stability characteristics of the NASA capsule model in the escape
configuration.

The results indicated that the capsule models in the reentry con-
figuration (blunt end forward) were statically stable at low angles of
attack but had negative damping about the transverse axis. In the exit
configuration (canister end forward) the capsule models were statically
unstable over the angle-of-attack range of the tests but had positive
damping about the transverse axis. In the escape configuration, the
models had static stability (power-off condition) only at low angles of
attack. From power-on tests of the escape configuration at conditions
representing an abort prior to launch, it was found that the jet exhaust
substantially increased the static stability at low angles of attack and
increased the angle of attack at which instability occurred. The Little
Joe booster-capsule configuration was statically stable and had positive
damping over the angle-of-attack range investigated.

INTRODUCTION

The National Aeronautics and Space Administration is conducting a
general research investigation to provide some basic information on
blunt nonlifting reentry bodies at high and low speeds. In addition to
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this basic research, a wind-tunnel program is also being conducted in
direct support of Project Mercury for the NASA Space Task Group. As
part of this work, tests were conducted in the Langley free-flight and
full-scale tunnels to determine the low-subsonic static and oscillatory
stability characteristics of several space capsule models.

The investigation included static and dynamic force tests of models
of the NASA and McDonnell capsules in the exit, reentry, and escape con-
figurations. Also tested were a model of the McDonnell capsule with a
modified escape tower and a model of the Little Joe booster-capsule con-
figuration. The effects of power on the static stability characteristics
of the NASA capsule escape configuration were also determined in tests
in which the rocket engine exhaust was simulated by compressed air Jjets.
The investigation also included flow survey studies of the reentry con-
figuration in order to obtain some visual observation of the nature of
the flow in the vicinity of the model for use in correlation with the
force test results.
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Since the capsule is a body of revolution, stability about a trans-
verse axis may be called either longitudinal or directional stability.
In this report it will be considered longitudinal stability; therefore, .
most of the data are presented as variations of pitching-moment, normal-
force, and axial-force coefficients with angle of attack.

SYMBOLS

The data are referred to the body system of axes originating at
the model center of gravity. The positive direction of forces, moments,
and angular displacements is shown in figure 1.

5 maximum cross-sectional area perpendicular to X body axis,
sq ft
a maximum body diameter, ft
Ay free-stream dynamic pressure, lb/sq ft
a angle of attack of model center line, deg
a rate of change of angle of attack, radians/sec
v free-stream velocity, ft/sec -
W circular frequency of oscillation, radians/se )
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reduced-frequency parameter, %%

Reynolds number

pitching angular velocity, radians/sec

angle of sideslip, deg

rate of change of pitching angular velo
longitudinal and vertical body axes, re

nozzle extension angle, deg

axial-force coefficient, Axial force
QoS
drag-force coefficient, EEEgzgorce

normal-force coefficient, Normal force

city, radians/sec

spectively

QoS
lift-force coefficient, Lift force
q,,5
thrust coefficient, Thrust
q,S

Pitching moment

pitching-moment coefficient,

qud

lateral-force coefficient, Lateral for

ce

Q.S

yawing-moment coefficient,

Yawing moment

q,54

Rolling moment

rolling-moment coefficient, 5
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APPARATUS AND MODELS

Most of the investigation was made with l/h-scale models of the
NASA and McDonnell capsules in the exit, reentry, and escape configu-
rations. Also used in the investigation were a 0.30-scale model of the
McDonnell capsule with a modified escape tower and a l/lO—scale model
of the Little Joe booster-capsule configuration. Drawings of these
models are presented in figure 2 and a photograph is presented in fig-
ure 3, The escape configuration of the NASA capsule was so constructed
that compressed air could be exhausted through the rocket nozzles to
provide thrust for power-on tests. (See fig. 2(c).) 1In this arrange-
ment, compressed air was supplied to the model through a flexible hose
which passed internally through the capsule and along the center line
of the escape tower to the rocket motor. From the rocket motor, which
served as a plenum chamber, the compressed air exhausted through
converging-diverging nozzles to simulate the rocket engine exhaust. -
For a few tests, extensions were added to the basic nozzles to direct
the jet exhaust from the design nozzle angle of 15° to other nozzle
angles which varied from 0° to 30°. d
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The static force tests were conducted in the Langley free-flight
and full-scale tunnels with sting-type support systems and strain-gage
balances. A photograph of the free-flight tunnel static-force-test
setup with the model of the NASA capsule in the escape configuration
mounted for testing is shown in figure 4. The dynamic force tests were
made in the free-flight tunnel using an oscillation apparatus which per-
mitted the model to have freedom in pitch. Sketches of this apparatus
with several different models mounted for pitching oscillation tests are
shown in figure 5. In this apparatus, electrical resolvers were geared
directly to the drive-shaft mechanism to generate electrical signals
proportional to the displacement and velocity of the model. This
resolver system permitted a direct reading of the balance output signals
either in phase with or out of phase with angular displacement of the
model by means of manually operated, null-seeking, readout equipment.

A complete description of this apparatus and instrumentation is pre-
sented in reference 1.

TESTS

Static and dynamic force tests were made over an angle-of-attack
range from 0° up to 180° to determine the static and oscillatory longi-
tudinal stability characteristics of models of the NASA and McDonnell
capsules in the exit, reentry, and escape configurations. In addition,
a few tests were made to determine the effects of Reynolds number and
the effects of modifications to the basic NASA capsule design (increased
canister length and the addition of canister fins) on the stability
characteristics of the model.

In addition to the power-off tests, the NASA capsule model in the
escape configuration was tested over an angle-of-attack range from -40°
to 4O° with power on for a range of thrust coefficients from about 2.4
to about 10.0. The effects on stability of nozzle angle and of asym-
metrical conditions in thrust and escape tower configuration were also
investigated.

Flow survey studies were made in the Langley free-flight and full-
scale tunnels of the reentry configuration with tufts attached to the
surface of the model and to rods extending above and below the model
and with a tuft grid at several stations back of the maximum diameter
of the capsule.

The force tests and flow survey studies were made for a dynamic
pressure range from about 1.4 to about 7.0 pounds per square foot which
corresponds to a velocity range of about 34 feet per second to about

6

T7 feet per second and to a Reynolds number range from about 0.32 x 10



to about 0.80 x 106 based on the maximum diameter of the models inves-
tigated. The dynamic force tests were made for amplitudes in pitch of +5°
and for a frequency range from 0.25 to 1.00 cycle per second which cor-
responds to a range of the reduced-frequency parameter k of about 0.02
to 0.07.

RESULTS AND DISCUSSION

Presentation of Data

Data for the capsule models in the exit and reentry configurations
are shown in figures 6 to 1lk. Data for the capsule models in the escape
configuration are shown in figures 15 to 23. Data for the Little Joe
booster-capsule configuration are shown in figures 24 and 25. An index
to the data is presented in table I.

Exit and Reentry Configurations

Static longitudinal stability characteristics.- The longitudinal
data for the McDonnell capsule model are presented in figure 6(a) for an
angle-of-attack range from 0° to 180° and for a Reynolds number range from

0.34 x lO6 to 0.70 x 106. The data show that the McDonnell capsule model
was statically longitudinally stable in the reentry configuration (blunt
end forward) but was unstable in the exit configuration (canister end
forward). The stability of the reentry configuration decreased above

an angle of attack of 500, but the model had a restoring moment through
the angle-of-attack range of the tests. In the region of an angle of
attack of 90° this restoring moment was appreciably reduced. The reentry
configuration had a negative slope of the normal-force curve at low
angles of attack which is characteristic of blunt, sharp-edge bodies of
this type.

The 1ift and drag data for the model (fig. 6(b)) show a negative
slope of the 1lift curve at low angles of attack and negative values of
1lift coefficient through an angle of attack of about 90°.

A comparison plot of the static longitudinal stability data obtained
for the McDonnell and NASA capsule models is presented in figure 7. These
data show no great difference in the characteristics of the two models.

The data from tests made to determine the effect on the longitudinal
stability characteristics of the NASA capsule model of increasing the
canister length and of adding fins to the canister are presented in fig-
ure 8. These data show that, as expected, increasing the canister length
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or adding fins to the canister increased the static longitudinal sta-
bility, reduced the negative slope of the normal-force curve at low
angles of attack, and increased the normal-force coefficient at high
angles of attack.

Presented in figures 9(a) and 9(b) are longitudinal data for the
NASA capsule model obtained in the presernt investigation compared with
data obtained from full-size model tests at low speeds in the Langley
full-scale tunnel (data taken from ref. 2). These data show that

increasing the Reynolds number from less than 1 X 100 to 4,85 x 106
decreased the static stability somewhat but generally did not greatly
affect the other characteristics of the configuration.

Static lateral characteristics.- Force tests were made to determine
the lateral forces and moments of the McDonnell capsule model in the
reentry configuration at 0o° sideslip for an angle-of-attack range from O°
to 90°. The results of these tests are presented in figure 10 and show
relatively large yawing moments for angles of attack of about 40° to 90°.
A plot of Cn/Cm against a indicates that at some of the higher angles
of attack the yawing moments were equal to or greater than the pitching
moments, These results appear to explain unpublished results obtained
in the Langley spin-tunnel dynamic tests of this reentry configuration.
In these tests the capsule usually oscillated in one plane at about a
constant amplitude up to angles as high as 90°, but at times the model
stopped this type of motion at the peak of an oscillation and started
rotating about the vertical wind axis, apparently because of some lat-
eral disturbance,

Flow studies of reentry configuration.- In order to obtain some
visual observation of the nature of the flow around the capsule model
in the reentry configuration, flow surveys were made with tufts attached
to the surface of the model and to rods extending above and below the
model. Photographs of the model in this setup are shown in figure 11
for an angle-of-attack range from 0° to 40°. At an angle of attack of 0°
these photographs show a region of disturbed flow behind the model which
extended beyond the maximum diameter of the blunt surface. Within this
disturbed flow region the air flow is generally opposite in direction
to that of the free stream. This reversed flow almost completely immersed
all of the model back of the blunt forward surface. At high angles of
attack, the photographs show that the disturbed flow region was above
the model and that smooth air flow swept the lower surface of the model
in an upward direction.

In addition to the flow studies made to determine the nature of the
flow around the model, tuft grid and flow survey measurements were made
at several stations back of the reentry configuration. The results of
these flow survey measurements are presented in figure 12 in the form of

-
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contours of constant lines of q/qe° (ratio of local dynamic pressure

to free-stream dynamic pressure) and downwash- and sidewash-angle vec-
tors denoting deviations from the free-stream direction. Although the
results of the flow measurements are presented as constant values of q/qoo
and angular deviations, actually these measurements were changing con-
tinually at each station because of the random nature of the flow around
the capsule. The values of q/qoo and the angular deviations plotted in
figure 12 are therefore average measurements taken over a considerable
length of time. These data show that at 9 diameters back of the model
(fig. 12(a)) there was a maximum loss in dynamic pressure of about

25 percent and maximum deviations in air flow of the order of 3° or 4°.
This station is the approximate location of the main parachute canopy
for the landing phase of the capsule flight program., The flow measure-
ments at 6 and 3 diameters back of the capsule (figs. 12(b) and 12(c))
show maximum losses in dynamic pressure of about 35 percent and 67 per-
cent, respectively, and considerably higher deviation of air flow than
at the 9-diameter station.

Pitching oscillation derivatives.- The pltching oscillation deriva-
tives measured at several different wvalues of the reduced-frequency
parameter k are presented in figures 13 and 14 for the McDonnell and
NASA capsule models, respectively. The data of figure 13 show that the
McDonnell capsule had negative damping in pitch <Cmq + Cm&) in the

reentry configuration and positive damping '(Cmq + Cmd) in the exit

configuration. Above an angle of attack of about 30° the model generally
had positive damping in pitch and, although the data show considerable
scatter, there appears to be no consistent effect of frequency on the
damping-in-pitch derivative, The derivatives measured in phase with

displacement during the oscillation tests, CNQ + kgCNq and Cma + kQCmq,

show no consistent effect of frequency and are in generally good agreement
with the results of the static force tests (k = 0).

The pitching oscillation derivatives of the NASA capsule model in
the reentry configuration (fig. 14) were measured at an angle of attack
of 0° for the basic configuration and for the model with increased can-
ister length and with fins added to the canister. These data show that
the basic configuration had about the same amount of negative damping as
the McDonnell capsule at a = O° and that increasing the canister length
or adding canister fins made the model more undamped despite the fact that
these configuration changes increased the static stability of the model.
The data also show generally good agreement between the derivatives meas-
ured in phase with displacement during the oscillation tests and the
results of static force tests.
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Although the data of figure 1L show much larger values of negative
damping for the model with increased canister length than for the basic
configuration, unpublished Langley spin-tunnel results have shown that
the amplitude of the free..flight oscillations of the model with the
increased length was only about +30° whereas for the basic configuration
this amplitude varied fram +60° to +90°. This result indicates that
data measured at small amplitudes (such as that presented in the present
investigation) may not be applicable in cases where the amplitudes of
the oscillations are very large.

In order to obtain some information which might be useful in
explaining the damping results of the reentry configuration, tufts were
attached to the surface of the model (in a similar manner to that used
in the flow studies of the static setup) and observed while the model
was oscillating in pitch. Analysis of movies made of these studies
showed that, as the model oscillated, the flow over the rear portion of
the model was in the same direction as the motion of the rear portion
of the model and therefore was in the direction to produce negative
demping. This flow variation might be explained as follows: In the
static condition, as pointed out earlier, increasing the angle of attack
of the capsule produced an upwash over the rear portion of the capsule.
This upwash tends to produce a statically stabilizing effect in much the
same manner that the downwash behind a wing produces a statically desta-
bilizing effect on the horizontal tail. For the dynamic case involving
an oscillation in pitch, there is a lag in this upwash over the rear
portion of the capsule which produces a decrease in damping in the same
manner that the lag of downwash behind a wing increases the damping con-
tributed by a horizontal tail. The destabilizing effect of the lag of
upwash resulted in negative damping for angles of attack less than 30°,
(See fig. 13.)

Escape Configuration

Presented in figure 15 are the data obtained with the McDonnell

configuration at Reynolds numbers of 0.60 x 106 and 0.85 x 10°. These
data show that the model had static stability only at low angles of
attack.

A comparison of the data for the NASA configuration, the McDonnell
configuration, and the McDonnell configuration with a modified escape
tower (fig. 16) show generally similar trends in the static character-
istics for the three configurations investigated. The McDonnell con-
figuration with the modified escape tower showed much larger unstable
pitching moments at the higher angles of attack.
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In addition to the tests for the three configurations just dis-
cussed, a few preliminary tests were also conducted with the McDonnell
configuration to determine the effect of modifications to the forward
end of the rocket motor in an attempt to reduce the drag of this segment
and thereby increase the static stability of the configuration. These
modifications consisted of the addition of several different ogive radii
to the nose of the rocket motor. Results of these tests (presented in
fig. 17) show little or no effect of these modifications on the static
stability characteristics.

Power-on static longitudinal stability characteristics.- Thrust for
the power-on tests was obtained by compressed air which was supplied to
the model through a small flexible hose., Since in this investigation
it was impractical to represent the scaled rocket thrust (500 pounds for
a 1/4-scale model), all the tests were made by using the maximum thrust
available (approximately 50 pounds) and varying the dynamic pressure of
the tunnel to represent full-scale thrust coefficients. By using this
procedure, a range of thrust coefficients was investigated which was
generally representative of the thrust coefficients experienced by the
full-scale configuration after a burning time of about 0.5 second (from
an initial static condition) to a burnout time of about 1.2 seconds.

In these tests no attempt was made to simulate the proper mass flow or
nozzle jet velocity. Since these factors are known to be important in
Jet effect studies, tests in which full-scale nozzle flow characteristics
are more nearly represented could possibly produce results considerably
different from those presented herein.

Presented in figure 18 are the static longitudinal stability data
over an angle-of-attack range from -40° to 40° for a range of values
of Cp. These data show that increasing Cp produced a substantial

increase in static stability and increased the angle of attack at which
the model became unstable, particularly for the positive angle-of-attack
range. In the negative angle-of-attack direction, similar but less pro-
nounced effects occurred and, at some values of Cp, the angle of attack

at which instability occurred was reduced from that of the power-off
case,

In order to study the flow characteristics of the jet exhaust in
the vicinity of the model, long streamers were attached to the rocket
nozzle and observed at tunnel conditions similar to those used in the
force tests, From these studies it was observed that at an angle of
attack of 09, the streamers generally followed the 15° angle of the
nozzles and did not impinge directly on the cone-shape afterbody. At
positive or negative angles of attack, however, the streamer on the
forward side of the model was deflected by the free stream and impinged
on the capsule surface. The streamer downwind, on the other hand, was
deflected away from the model. On the basis of these tests it would
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appear that the aerodynamic characteristics of the model would be pri-
marily influenced by the exhaust from the forward rather than from the
rearward side of the model.

11

Results of force tests in which the model was tested with just the
two top nozzles exhausting or with just the lower nozzle exhausting
(presented in fig. 19) tended to verify these observations that the
aerodynamic characteristics of the model are primarily influenced by
the exhaust from the forward nozzle. That is, the data show that the
pitching moments for the basic three-nozzle configuration were more
similar to those for the one-nozzle configuration at positive angles of
attack and more similar to those for the two-nozzle configuration at
negative angles of attack.

Presented in figure 20 are the results of studies of the effects
of the Jjet exhaust on the aerodynamic characteristics of the model in
which the angle of attack was varied in a plane 90° to that used in the
previous tests. An angle-of-attack variation in this manner should
result in symmetrical jet exhaust flow conditions over the model at
positive and negative angles of attack. Force test data obtained for
this condition show in fact that the data for this case are more nearly
symmetrical at negative and positive angles of attack than the data of
figure 18.

The results of tests to determine the effect of nozzle angle on
the longitudinal characteristics of the model are presented in figure 21.
The value of Cp of 10,20 is based on the thrust measured for the

15° nozzle angle condition and is used as a reference for the other
angles since all the tests were made at the same line pressure. It is
realized that this value of Cp 1is only approximate at the lower and

and higher nozzle angles since the thrust was reduced slightly by the
exhaust deflectors (see fig. 2(c)) and since the value of Cp measured

along the X body axis varied as the cosine function of the nozzle angle.
This reference value of Cp, however, represents an average thrust coef-

ficient for the conditions investigated and is believed to be suffi-
ciently accurate for determining qualitative effects of nozzle angle
on the longitudinal stability characteristics of the model.

The data of figure 21 show large variations in the pitching-moment
coefficient with nozzle angle. The 15° nozzle angle produced large
favorable effects of the Jjet exhaust on the stability characteristics
of the model and appeared to be the optimum nozzle angle from this

o
standpoint for the range of nozzle angles tested. The 7% nozzle angle

0
produced large destabilizing effects of the jet exhaust while the 22%

3
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and 30° nozzle angle conditions produced relatively small destabilizing
0
effects. The 0° and 7% nozzle angle conditions are of little practical

importance since in these cases the jet exhaust impinged directly on the
front end of the canister. These results do indicate, however, that in
cases where this type of impingement occurs there exists the possibility
of instability. A plot of Cma against nozzle angle (determined for

angles of attack of t5° in fig. 21) is presented in figure 22 to show the
effect of nozzle angle on the static stability parameter more clearly.

Pitching oscillation derivatives.- The pitching oscillation deriv-
atives measured for the escape configuration of the McDonnell capsule
are presented in figure 23 for values of k of 0.035 and 0.070. These
data show that the model had positive damping in pitch -(Cmq + Cm&)

at an angle of attack of 0C and that the damping increased as the angle
of attack increased. Very little or no effect of frequency is shown
by the data and the derivatives in phase with displacement are in good
agreement with the static-force-test results (k = 0).

Capsule-Booster Configuration

Static longitudinal stability characteristics.- The static longi-
tudinal stability characteristics of the Little Joe booster-capsule
configuration are presented in figure 24, These data show that the con-
figuration was statically longitudinally stable in the low angle-of-attack
range and had an increase in restoring moment with increasing angle of
attack up to 90°.

Pitching oscillation derivatives.- The pitching oscillation deriv-
atives measured for the Little Joe booster-capsule configuration are
presented in figure 25 for a value of k of 0.028. These data show
that the configuration had positive damping in pitch at an angle of
attack of 0° and that the damping generally increased up through an
angle of attack of T0°. The derivatives measured in phase with dis-
placement are in good agreement with the results of static tests.

The coefficients and derivatives presented in figures 24 and 25
for the capsule-booster configuration are very large in magnitude com-
pared with those of the other capsule configurations tested because
they were based on the maximum diameter and corresponding cross-sectional
area of the booster rather than on the fin or tail area and tail span.

N O\
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SUMMARY OF RESULTS

Results of wind-tunnel tests at low subsonic speeds to determine
the static and oscillatory longitudinal stability characteristics of
models of several space capsule configurations are summarized as follows:

1. The capsule models in the reentry configuration (blunt end for-
ward) were statically longitudinally stable at low angles of attack but
had negative damping in pitch. In the exit configuration (canister end
forward) the capsule models were statically longitudinally unstable over
the angle-of-attack range of the tests but had positive damping in pitch.

2. The capsule models in the escape configuration had static lon-
gitudinal stability (power-off condition) only at low angles of attack.
From power-on tests of the escape configuration at conditions representing
an abort prior to launch, it was found that the jet exhaust substantially
increased the static stability at low angles of attack and increased the
angle of attack at which instability occurred.

3. The Little Joe booster-capsule configuration was statically lon-
gitudinally stable and had positive damping in pitch over the angle-of-
attack range investigated.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., February 18, 1960.
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TABLE 1
INDEX TO DATA
Capsule Type of test Angle-of -attack Plot of - Figure
identification range
Exit and reentry configurations
McDonnell Static, longitudinal 0° to 180° Cys Cp, and Cp sagainst a 6(a)
McDonne1l Static, longitudinal 0° to 90° Cy» Cps» Cp, Cp, and Cp 6(p)
against a
McDonnell and NASA | Static, longitudinal 00 to 90° Cns Cpy, and Cp against o 7
NASA Statie, longitudinal 00 to 90° CNs Cap, and Cp against a 8
NASA Static, longitudinal 0° to 90° CN, Cp, and Cp against o 9
McDonnell Static, lateral 0° to 90° Cy, Cp, and C; against a 10
McDonnell Tuft flow studies 0° to 40° Photographs 11
McDonnell Tuft grid studies 0° Downwash and sidewash 12
angles, q/q,
McDonnell Pitching oscillation 0° to 180° CNg + k2ch.l, Cy, + kzcmé, 13
Cmq + Cmg agailnst a
NASA Pitching oscillation 0° CNg + k%q;l, Cog, + k2cmé, 14
Cmq + Cpmg, against o
Escape configuration
McDonnell Static, longitudinal 0° to 90° Cys Ca» 8nd Cp against a 15
McDonnell and NASA | Static, longitudinal 0° to 180° Cys» Cp, and Cp against a 16
McDonnell Static, longitudinal 0° to koo Cys» Cp, and Gy against o 17
NASA Static, longitudinal -40° to 4o° CNy Ca, and Cp against a 18
(pover on) for Cp =0, 2.k, 4.8,
and 9.9
NASA Static, longitudinal -40° to k4o° Cy» Cp» and Cp against a 19
(power on) for Cp = 3.27T, 6.45,
and 10.20
NASA Static, longitudinal -40° to 40© Cy> Cp, and Cp against a 20
for Cp = 2.38, 4.82,
and 9.9
NASA Static, longitudinal ~40° to 40° Cy» Cp» and Cp against a 21
for nozzle angles of 0°,
7.5°, 159, 22,5°, and 30°;
Cp = 10.20
NASA Static, longitudinal -50 to 59 Cm, against nozzle angle 22
(o] (6] 2 2
McDonnell Pitching oscillation 0° to 50 CNu, + K CN"!’ Cma + K Cm(.l, 23
Cmq + Cnmg 8gainst o
Little Joe booster-capsule configuration
McDonnell Static, longitudinal 0° to 90° Cys Cp, 8nd Cp against « 24
McDonnell Pitching oscillation 0° to 90° CN(L + kché, Cmq, + kgcmé, 25
Cmq + Cmd. agalnst o
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Figure 2.- Continued.



541
1729 .
19.29 7
2540

J.O6-T

30

58.06
-3
J

y TF T
B 25 ,
\ 1184 ; -
1970 :
d;,,
2554 1
|
45°
-~
"* ‘ 934°
416 . 0--
L_,,,, 88 —
(e) Sketch of l/lO-scale model of the Little Joe booster-capsule -
configuration used in the investigation.
Figure 2.- Concluded. -

-
. y.+




L-907

¥ 21

1/4-scale model 1/4-scale model 3/10-scale model of 1/10-scale model

of NASA escape of McDonnell McDonnell escape of Little Joe
configuration escape configuration with  booster-capsule
configuration modified tower configuration
1-59-4683.1

Figure 3.- Photograph of models used in the investigation.
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Figure 5.- Concluded.
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Figure 6.- Static longitudinal characteristics of the McDonnell capsule
model.




=t 00
eoee® © (X X}
26 BRRERRE S, 2
..: ..: : : : [ X ] oo © @ eee o0 o P
Cpsna - Ch s - Cr sna
L N A
Ca Cp cos a
‘\‘ CN CD = CN cos a + CA sin a
CN sin a
"Cy Cos a
2 |‘
Wind
= : /‘/'T ¢ T
-2 F\Y‘“‘r—ﬂlr—’r"’lf T |
2.0
o] m—
“ S Cp
CA 0 G

c % ‘ 1
N a8 I C
.2 T }1/7 L
N 7
.4 o :
A L
i N ST
-6
0 10 20 30 40 50 60 70 80 20
a , deg

(b) Comparison of longitudinal wind-axes data with body-axes data.

Figure 6.- Concluded.

) N&=TT



e et
b4 b . . cos . [ e e e o0 ® o
[ X ) [ XN ] 0 000 o o oo ... : : : :.. :..
- Capsule R
3]
o NASA 0.60 X 10
-
o Mc Donnet) 0.55X 1C§5
2 1
L
Cm OB L

L-907

. . 1.0 5 B\(&L
. 0 2]
| 1
6;~%—} T“l
4 - L H J
- ’é;ﬁfﬁ
|

40 50 60 70 80 90

a ,deg

Figure 7.- Comparison of static longitudinal characteristics of the
NASA and McDonnell capsule models in the reentry configuration.



28 .

o o0 o o0e O o0 ..: .’:
S . P .: : N G0 o :
e o .
AR B ST 5 S LT
Canister length,in, .
o 10
o 20
< 30 .
A 20 plus fins
& 30 plus fins
.2
IR T~ L &—0--c
-2 o0 |
- N
Cm e e ] o

NEERNRESSERSSSE
jt £1¢,_, NS E i O\
iy uN 8
g A ]r\ Tr* :——kajb
2.0
|
. | «
Ca >
O -
-10
1.0
e ey
° PSURPEES;
. ESuEsganes
L] : TM
e Y
CN 4 i / ! AF///E//j]; ] ——
> /l‘/ l/ L "

Z T
N Rnin 1
o] ft0O 20 30 40 50 60 70 80 90
a,deg
Figure 8.- Effect of extended canister length and the addition of can- -

ister fins on the static longitudinal characteristics of the NASA
capsule model in the reentry configuration.




L-907

[ ] [

ete 2 L] ® 800 oo

e o 5. e o o @ LI
® o @ o LJ .00 L} he e o e o . s
se [ A X ] ®e t0e o o oo ... : : : :.. :..

2.0

<
)\O\Q\_{3
0O =
R Model size Source
-1.0 .
o 60 X108  1/4 -Scale Free-fight tunnel
O 4.85 XI0 Full -scale Full-scale tunnel
.6
O
a IX/O’—C)\-(;
| N
2 S
(0] :1\-1 M
\E] )//.[ i
"%o 0 IO 20 30 40 50 60 70 80 90
a , deg

(a) 10-inch canister.
Figure 9.- Effect of Reynolds number on the low-speed static longi-

tudinal characteristics of models of the NASA capsule in the reentry
configuration.



o o090 O [ ]
. e o e o O
e & e o e & ©
[ ) o o @ L] e o o
[ ] e o [ X ] ee © & %o oo [ R X ] LX)

Lo6-1

_ ]
O
<
N
R Model size Source
6
o 37X 10 /4 - S Free-fligh
o 30X 108 U4 - 3cak bt T
6 4 _ Scale Free-fight t
a 4.85X10 Full - scale Full-scgle 15nnnngl

|

2NN S

R

A

)7

o 20 30 40 50 60 70 80 90
a ,deg

(b) 17.5-inch canister.

Figure 9.~ Concluded.




1-907

o0 (XX ]

¢t o ® o o000

. o % be e o [ ) :.. :..

* o o L] X4 [ ] L] e o . o* . .

se [ X X ] e o090 o o oo oo : : : .' o’
eee oo

‘ | T AT

C Ol . \S
Y O¢—== - ‘
2 HEEEEN 'ﬁ
IO_’—WA‘ 4} 1]
06 Nl 5
\
o 08 / _\j\
[T I

.02 1 ] l

4
(0]
ch | | HEEEEER
"CTn_4 [
\ A
Q 1Q 20 30 40 50 60 70 80 90

a,deg

Figure 10.- Lateral stability coefficients at 0° sideslip of the
McDonnell capsule model in the reentry configuration.

31



32 i

J.0A-T

a=10° a-20° 9

a=30° a-=40

L-60-261
Figure 11.- Photographs of tuft flow studies of the McDonnell capsule

model in the reentry configuration. B = a9,




L-907

Vertical distance, In,

EITENY i
-4
o
k-4
= g
4 3.0 o
o=
B
420 3
= g
=10 g
£
i 1 1 1 1 Q
24| 0 1.0 2,0 3,0 4,0 5.0
Sidewash deviation, deg
| Vector acale
20 o T
16 |-
12
8 —
4%.:
g ©°
4
8l
i
12 i
16,77
20 -
24—
28—
,
2l
=

g

Spanwise distance, in.

(a) 9 diameters back of reentry configuration.

Figure 12.- Downwash and sidewash angles (vectors denote deviations of
air flow from free-stream direction in degrees) and contours of
dynaemic-pressure ratio, q/q, £for the McDonnell capsule model meas-

ured in the Langley full-scale tunnel. a = 0°, B = 0°.



3k

Vertical distance, in,

see oo
e @00 © 000 o 00 [ 2" PN} o. o. ot
¢ ® e o o o Ces o 0
o ° oo o e o R 2 ° e
.o: oo: : : : (X} ee © & oos o8 eoe (X}
!
3,0
2,0
1.0

N " 1

Sidewash deviation, deg

[}
0 1.0 2,0 3.0 4.0 65,0

Vector scals

(v)

Spanwise distance, in,

6 diameters back of reentry configuration.

Figure 12.- Continued.

} AL T



35

+1¥H

BT

et
28

T1iH

1
¥

iR

Bep ‘uotielaep usemdp

<0

=3
.
0

{e

1 1.0

— a0

0

1.0 2,0 3.0 4.0 6.

[¢]

XA

deg

S1dewash deviation,

Vector scals

8

L0o6-1

“UT ‘QQUBIBID TBOTAdep

in,

Spanwige distance,

ion.

t

igura

iameters back of reentry conf

) 34

c

(

Figure 12.- Concluded.



56 oo 090 o o808 o o-oo: K3
o o e o e o ce o o
. . °e ¢ .: : .. [ ] 00 L J [ ] [ ] ..:
..: ..: : [ N ) *e e & @ oe0 oo eoe
K
O o117
0o 034
° <& .052 -
} a . 069
02 Wind — —— O (Statc tests) Wind
72 . Lﬁﬁ—~—
& .0l / i
Q
(\-L e
0 —i N . F
i |
Z R ]
(&)
-0 N N S O O N
02 S

o .0l

£

U ”‘
o T -

o}

. X

£
%)

0 20 40 60 80 100 120 140 160 180
a, deg

Figure 13, Longitudinal oscillatory stabilit
forced oscillation tests in pitch of the M
the reentry and exit configurations.

Yy derivatives measured in
cDonnell capsule model in

) OK -1



L-907

i i 5T

Fins Fins k
on off

o O .02

o (W] .04

o4 <o .06

A .07

_—— O (Static tests)
0

o
=z

O

~ .o 5
4-0 \ g /J_/Q
=z o
O

-.02
0
é’*N\;\\é
- I
.
E -ol =~
~ [

N ;
-+ \ -
s -.02 i
5 D

-.03 T

16.0
e}
S 120
(&)
o
E 80 /] S

4.0 Zad

& |
0 T
0 4 8 12 6 20 24 28 32

Canister length, in,

Figure 1k.- Longitudinal oscillatory stability derivatives measured in
forced oscillation tests in pitch of *the NASA capsule model in the

reentry configuration. o = 0°.



g
: : .E :. .: : .. [ ] [ X X ] [ ] :.. ..: l.:
..: oee © o @ [ X ) o © o 00O
6
4 = u
Cm
2 8
— . 4@/(
OQ\% ,,Jféiféﬂ/
-2 R ]
o 060 X 10
o 085 X 10
1.0
Ca
© —O—p
1.4
1.2 L
/;{ \y L L
8
\ /
6 /g
4 /] R
|/ T A .
2 / | ]
¢ |
% lo 20 30 40 50 60 70 80 90 100

a , deg

Figure 15.- Static longitudinal characteristics of the McDonnell
capsule model in the escape configuration.

| "N =rT




[ R X XX ]
20000
.

[ XXX 1]
L XX J

e L ] 59
Configuration R
€ - pee g
I 4 o M(:A&nnellwnhmodtower 72x108
6 N | L L
HERRY. [ SEEENS! 7T
4 . ] NN .. S o
L /[/QL ﬁ)/T ) }*h ) — '/J7 b
Cmoo | | DEVARE RN
, A ~o
- — A -~ — -
ob gﬁﬁ/ 35 - 1 AN
- Iyikh-s il N ,,4_4_ L] i T | i ;[
3 2 T T T T T e
A [
gL (1“‘ [ B V ) T o R a “‘
-3t & »T,g l - HLF O J‘,J,, ]
© 17 HERS !L =3
Ca RS N SN RN NS S S DU P ﬁ:f;iég. -
. - Jﬁ — L,L I l 1] % —
” | T T [T |
= 1.4 TTT T T T
T T
1.2 Pt —
' V] | NN
— - =
o Ee=EeVE=Es SRRRN T
8 i Zf//g AR N N
E / T ] N _j - BER
4 /ggr’j a o |
4 | EEEA
2*"1‘)1 B ' ! B ! l
07 I naw:
| H i EEEN ,
ol | | o ' | : 1 _i_‘“,,‘ i
‘20 10 20 30 40 50 €0 70 8 20 100 IIOl 120 IéO 140 150 I6Ol 170 180
a,deg
Figure 16.- Comparison of the static longitudinal characteristics of
_models of several escape configurations.




Lo

o8 6060 ¢ 800 ¢ oo LR J [ ] L] o [ X X ] e
* o e o ® e *® e @ o o @ o e o o
* @ e O e @ L] [ ] ® o * L] o o ®
o @ [ ] L ¢ . Ope [ ] [ ® o -
. o060 o .“1.. LA N ] LN J
Rocket motor nose modification
0 Basic configuration ————. -
Dia./72 -
a Dia./2 ogive section
O _
A
.2
=
o) i
F 8
Cm 0 o+ —~
-
-2
Y
1.0
0
1.0

R
o

o

10 20 30 40
a,degq

Figure 17.- Effects of modifications to the rocket motor nose section
on the static longitudinal characteristics of the McDonnell capsule
model in the escape configuration.




L-907

. 41

Cm O

i

+a

N /
|4 @Qa convention {/

2 ¢ , [l 2

o]

2.4
4.8
99

]‘DODO

R,

Cn 6

/)

‘40 30 -20 -0 © I0 20 30 40
a,deg

Figure 18.- Power-on static longitudinal characteristics of the model
of the NASA capsule in the escape configuration.

—



e soe o . ® e see oo
o o o o o e . * o o e o o ¢ o o
e s e 0 o0 o o * o 0 . e o0 ¢ o
o 0 e e o . . o s
20 aee o . “o eee oo
c1
Nozzles exhausting Ccr
a
2 a3 o | 327
a conventton Q@ a 23 6.45
1 pS 2.3 10.20
4 - 1
2 i S
UE=Se. j
0 P - ™ N S
C, ‘L /\{)\ﬁ “1'
m
. N T
%
-a -
-
-6 -

-40 -30 -20 -10 [¢] 10 20 30 40
a,deg

Figure 19.- Effect of thrust asymmetry on the static longitudinal
characteristics of the model of the NASA capsule in the escape
configuration.

-c

I A _e~



L X ] LR X J L [ ] L o0 ®*e 6 008 o 90 oo
® o @ e o o e o o [ ] * o * ® * &
® o oo L] ® @0 ® o0 * @
$et tee - S tes 3. 43
+a Cr
a convention P g 238
, onen 3o ;12
4
Crm P
o~ “
2
—
16 — f
14 L 4 RN
R 1 /
12 -
- 10 —— = i
8 - 1 LA
_ ard
- . I
4
L Bl 4
2 4.
N %
-2
1}
a
- /
_6 .l
A I .
ol by d/
- 4
|O]\ / T
1.2 1
i / 1 HNunn
O L L
Ll
-40  -30 -20 Y o] 10 20 30 40
a , deg
' Figure 20.~ Static longitudinal characteristics of the NASA capsule
model in the escape configuration. (a convention in a plane 90°
. to that used in figs. 18 and 19.)



L

L i

] P
i SUNN i

0 Z = LRk

; e | ]|

Cm -2 V/ i

4 \ a] - /

T T

-6

Nozzle angle,
+a €9

t

@a convention _|
10
||

-
| ———

— oDr OO0

15.0

[T

0
5
0
|

[ 8hGwoTa

Cr

o]
10.20
10.20
10.20
10.20
10.20

I

o o LT L

L

L By
-0 = - =

§&t\1\

A
Y

a,deg

40 -30 -20 -0 [¢] 10 20 30 40

Figure 21.- Effect of nozzle angle on the static longitudinal char-
acteristics of the NASA capsule model in the escape configuration.

K

Vms T



"N
=

(*oGF JO 30BI3R JO soT3uB 3® Tg °*STJ WOIJ USYBY B18()
*oT8u® aTZzZOU YITA PUy Joqowexed £37T19BIS TeUTPN]TIUOT OT3B3S SY3F JO UOTFIBIIBA =-°22 9InITJg

bap ‘a)bup ajzzoN

4% 8¢ &4 02 9l 4 8 1% 0
e\

A4igoys jouipnyibuo —
21}D}S ‘410 -19M0y

» ] POOIA 3 $ [} @



14'6 ..: oo: : oo. .o: .0:
k
@) .035 *
O .070
—_ 0]
04 (Static tests)
2? 1
\\
N~ 02 =
-+ \\
(o]
&
0
=
1
¢
01 S —
o7
£ e
T~
(\gjc O {E/ -
-~ L~
o
© -0l
0
e
g -2 .O%‘LL
&) \\\
+c— .
E -4.0 o
© S-//BT\\Q\
T

0 1O 20 30 40 50
a, deg .

Figure 23.- Pitching oscillation stability derivatives measured in
forced oscillation tests in pitch of the McDonnell capsule model in .

the escape configuration.




L-907

CN

k7

-20
R /O\\\ .
A
-40 ™
10
\(' N
© T T
1.0
B [0 I
6.0 o]
e
40 -
ol
20 e
(0}€;
0 10 20 30 40 50 60 70 80 90

a, deg

Figure 2L4.- Static longitudinal characteristics of the Little Joe

booster-capsule model.



0 09 & qoe & oo *e . [ ) * e e ..'
c 6 e s se s B "2,:':.5.5
48 RDREEN "~  TURIRER
Kk
o 028 .
——— O (Static fests)
3
20\’\4 .
o
5
N N o
x ' he U=
; ‘Qtr
S R
(0] ) lH
ke
g}
-1
| S
[ A= :
O /—‘\x ~<! e
. | —F —F =~ .
EU ,/ \\‘\ V/(.)
N:: / > Tt ;’//

-400

+ Cma
/,
>

7
I~

= -80.0 \\\ // 7 /

Cm

4

X
]

-1200 :
k\\

0 0 20 30 40 50 60 70 80 90
a,deg

-186 0.0

Figure 25.- Pitching oscillation stability derivatives measured in
forced oscillation tests in pitch of the Little Joe booster-capsule
model . *

NASA - Langley Field, Va. L"'9O7

(A




